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Introduction
Sea cucumbers, traditional marine food in Asian countries, are widely exploited due to their relatively high nutritional and medicinal values . Epidemiological studies indicated that sea cucumbers are useful in treatment of stomach ulcers, wound healing, and coronary heart disease (Rahman, 2015) .
Currently, approximately 1400 species have been identified worldwide. There are more than 20 kinds of edible sea cucumbers in China. In the past decade, the consumption of sea cucumber was increased rapidly (Eriksson and Clarke, 2015; James, 2001) .
Sea cucumbers are species of echinoderm with mucous skin, which can potentially accumulate heavy metals by absorption from the polluted sediments in the sea (Luo et al., 2010; Wang et al., 2015; Zhang et al., 2016) . The consumption of the sea cucumbers containing high level of heavy metals may potentially cause serious negative impacts on health, since they are persistent, bioaccumulative and toxic (King et al., 2010; Nghia et al., 2009; Noël et al., 2011) . Therefore, it is important to ensure that the heavy metals in sea cucumbers which are sold for consumption remain below the maximum residue limits (MRLs) for Food Safety Standards. However, due to the lack of effective methods for removing heavy metals, large amount of sea cucumbers are discarded or processed with very poor quality each year (Eriksson and Clarke, 2015; Gu et al., 2011) . Acaudina leucoprocta, which has been proven to be a high-quality protein resource, is abundantly distributed in the East China Sea and remains an under-utilized species for consumption due to contamination by heavy metals.
The removal of heavy metals is the key bottleneck for the usage of sea cucumber A. leucoprocta for consumption.
To date, although several studies have reported the distribution of metal elements in sea cucumber Holothuria tubulosa, Australostichopus mollis and Apostichopus japonica (Culha et al., 2016; Li et al., 2016; Slater and Jeffs, 2010; Warnau et al., 2006) , there have been few studies concerning heavy metals removal in A.
leucoprocta. As an important protein source, it is necessary to assess the heavy metals levels accumulated in A. leucoprocta. In this work, the distribution of chemical elements in A. leucoprocta was investigated and a chemoenzymatic method for removing the heavy metals in A. leucoprocta was developed.
Materials and Methods
Materials Sea cucumbers (A. leucoprocta) were collected from Xiangshan (Zhejiang, China) (Fig. 1) ) used for calibration were obtained from the National Standards Centre. All other reagents used were of analytical grade and obtained commercially.
Sample preparation The frozen sea cucumbers A. leucoprocta were thawed at room temperature and then washed repeatedly with deionized water to remove sediment and other impurities. For determination the chemical elements in each body compartments, the body wall, anus, internal organ and intestines of sea cucumber were separated and then homogenized using a laboratory mill (IKA Ultra-Turrax T25, German), respectively (Fig. 2) . Statistical analysis All experiments were carried out in triplicates. Data were calculated as average ± standard error and a probability value of <0.05 was considered significant difference.
Determination of heavy metals

Removal of heavy metals
Analysis was performed using R-3.4.2 (www.r-project.org) and Origin 8.0 (OriginLab, USA). , suggesting that the As tended to accumulate in the A. leucoprocta. In addition, it was also observed that the concentration of As was higher than that of the essential metal Cu.
Results and Discussion
Distribution of heavy metals in
This finding is in agreement with the results for A. japonicus from the Bohai and Yellow Seas in northern China .
Compared with the heavy metal contents in sea cucumber H.
tubulosa, the concentrations of Zn, Cu and Pb contained in A.
leucoprocta were relatively higher, while Cd was lower (Warnau et al., 2006) . The concentrations of Zn, As, Pb, Cd and Hg were similar to sea cucumbers products from Guangzhou . The bioaccumulation of heavy metals is varied in different species, even in the individuals of the same species due to various factors, including physical differences, habitat, age, and season (Morgano et al., 2011; 2014) . As shown in Fig. 3 Warnau et al. (2006) reported that the body compartment was the predominating factor of variation for many heavy metals within an individual organism. Therefore, in order to further investigate the distribution of heavy metals in sea cucumber, four body compartments (body wall, anus, internal organ and intestines) (Fig.2) of A. leucoprocta were separated and homogenized to determine the heavy metal concentrations. As shown in Table 1 (2) NaOH (0.5%) soaking for 12 h, (3) EDTA (5%) soaking for 48 h (Lin et al., 2016) . A total of 29 samples, which were treated by different processing methods, were collected from the local markets in Xiangshan. The appearances of A.leucoprocta after being treated with the different methods are shown in Fig. 4 . The appearance of , respectively ) were both higher than the MRLs.
The citric acid and EDTA soaking methods were more efficient for removing As and Pb than NaOH method. However, the concentrations of As or Pb in some processed samples still exceeded the MRLs. The levels of As and Pb in the sea cucumbers treated by citric acid method (4 in 8 samples) were higher than the MRLs. , respectively.
Removal of heavy metals in the body wall of A.leucoprocta
Based on the above results, the concentrations of As and Pb in the body wall exceeded the MRLs. Therefore, it is necessary to establish an efficient and stable processing method to remove the A. leucoprocta showed black appearance (Fig.4 B) . The structure of the body wall was analyzed by scanning electron microscope.
As shown in Fig. 5 , compared with sample without treatment by papain and pepsin, the body wall after hydrolysis treatment by enzyme complex was looser. Fig. 6 showed that more than 90% of the As was removed after soaking for 30 h, while Pb required 42 h.
The removal efficiencies of As and Pb were both enhanced to 98.22 ± 0.91 % and 94.11 ± 1.08% after soaking for 54 h. The 
Conclusions
The sea cucumber A. leucoprocta, is commonly grown at the bottom of the East China Sea. The A. leucoprocta body wall is vulnerable to absorption and accumulation of heavy metals, which may be considered as a valuable bioindicator for evaluating and monitoring metals pollution in seawater. In this study, we This work provides a potential method for removal of heavy metals, laying a foundation for the development and utilization of A. leucoprocta for consumption.
